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A TUBULAR LINER 

Background of the Invention 

This invention relates generally to a tubular 
liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing* 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
15 a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
^ of this procedure the casing of the lower interval is 

of smaller diameter than the casing of the upper 
20 interval. Thus, the casings are in a nested 

arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
25 consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
30 drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
^ 35 cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or more of the lindtations of the existing 
procedures for forming new sections of casing in a 
wellbore. 

aummarY °* the InvenfcioT. 

According to one aspect of the present invention, 
there is provided a tubular lining comprising: a first 
tubular portion having a first inside diameter; a 
second tubular portion having a second inside diameter; 
an intermediate tapered tubular portion for coupling 
the first and second tubular portions to each other- 
and one or more sealing members coupled to the exterior 
surface of at least one of the tubular portions; 
Wherein the first inside diameter is greater than the 
second inside diameter; and wherein at least one of the 
farst and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 
20 comprising: a first tubular portion having a first 
xnside diameter; a second tubular portion coupled to 
the first tubular portion having a second inside 
diameter; and a third tubular portion coupled to the 
second tubular portion having a third inside diameter- 
25 Wherein the first and third inside diameters are^b 
greater than the second inside diameter; wherein the 

sealing elements; and wherein at least one of the first 
an. third tubular mec^rs define one or more relief 
30 passages. 

Brief Da«..^.ip«.^^, ^^^^ D^.^<„,^ , 

Fig. 1 is a fragmentary cross -sectional view 

35 Fig. 2 is a fragmentary cross-sectional view 

Ulustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Fig. 3 is a fragmentary cross-sectional view 
illustrating the injection of a first quantity of a 
S hardenable fluidic sealing material into the new 
section of the well borehole. 

Pig. 3a is another fragmentary cross -sectional 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
10 section of the well borehole. 

Fig. 4 is a fragmentary cross-sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 
^5. Pig. 5 is a fragmentary cross-sectional view 

illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross -sectional view of an embodiment 
of the overlapping joint between adjacent tubular 
members . 

Fig. 7 is a fragmentary cross-sectional view of 
apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentary cross -sectional 
illustration of the placement of an expanded tubular 
member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 
30 Fig. 9a is another cross-sectional illustration of 

the apparatus of Pig. 9. 

Fig. 9b is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9c is another cross-sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. lOa is a cross-sectional illustration of a weUbore including a pair of 
adjacent overlapping casings. 

HG. 10b is a cross-sectionk] illustraUon of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the exisUng 
casing. 

FIG. lOd Is a cross-sectional Illustration of tiie pressurizing of Uie interior of 
the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentaiy cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentaiy cross-sectional view Illustrating tiie placement of 
an embodiment of an apparatus for hanging a lubularliner within Uie newseclion 
20 of ttie well borehole. 

FIG. I Ic is a fragmentaiy cross-sectional view IDustratlng the infection of a 
first quantity of a hardenable Huidic sealing material into the new section of tfie 
well borehole. 

FIG. I Id is a fragmentaiy cross-sectional view illustrating ttie introduction 
25 of a wiper dart into tiie new section of tfie well borehole. 

FIG. 1 1 e is a fragmentary cross-sectional view iUustiating tiie injection of a 

second quantityofahardenablefluidicsealingmateriallnto ttie newsectionof ttie 
well borehole. 

FIG. 11 f is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 



Detailed Description of the Illustrative Embodiments 
An apparatus and nnethod for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be fomied in a subterranean formaUon by placing a tubular 
5 member and a mandrel in a new section of a wellbore. and then extmdlng the 

tubularmemberoffofthemandrelbypressurizlnganinteriorportionof the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the weUbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further pemiits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method ftirther minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casir^. 

An apparatus and method for fomiing a Ue-back liner using an expandable 
15 tubularmemberisalsoprovided. The apparatus and method pemiits a tie-back 
liner to be created by extmding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a Ue-back liner Is 
produced. The apparatus and method further pemilts adjacent tubular members 
m the wellbore to be joined using an overlapping joint that prevents fluid and/or 
gaspassage. The apparatus and method further pemiits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

Anapparatusand method forexpanding a tubular member is also provided 
^hanncludesanexpandabletubularmember.mandrelandashoe. Inapreferred 
25 --^™ent.thelnteriorportionsoftheapparatusiscomposedofmaterialsthat 
pemiutheinteriorportionstoberemovedusingaconventionalddlling apparatus 

mthas manner, in the event ofamalhrnctioninadownhole region, the apparatus 

may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellboreisalsoprovided. Tl^e apparatus and method pemiit a tubular Uner to be 

attached toanexistingsectionof casing. The apparatus and method furtherhave 
appUcation to the joining of tubular members in general. 
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RefemnginitialtytoPigB. 1-6, an embodiment'ofaaip'^tus and method 
for forming a weUbore casing within 'a subterranean formation wiU now be 
described. As illustrated in Pig. 1. a wellbore 100 is positioned in a subterranean 
formation 105. The weUbore 100 includes an easting cased section 110 having a 
6 tiibular casing 115 and an annular outer layer of cement 120. 

m order to extend the wellbore 100 into the subterranean fonnation 105 

a dnll string 125 is used in a well known manner to drill out material from the' 
subterranean formation 105 to form a new section 130. 

As illustrated in Kg. 2. an apparatus 200 for forming a weUbore casing in 
10 «««bterraneanfonnationisthenpositionedinthenewsectionl30ofthewellbore 
100. Theapparat«s200preferablyinch:desanexpandablemandrelorpig205 a 
hibular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 225.' a 

nu,dpassage230.afluidpaasage235.afhadpassage240.seals245.«^ 



member 250 

IS 



Th. «p.z„tabte »^ i. ^ ^ ^ ^ 

»emb^260. ^ «p«utobl, n,a„d,^ 205 i, p,efe„a,ly «tapted to eontroBably 
^m .r^ direction. lie e^dable m«dre. 205 may comprise ^ 
n«.*«ofeon™..ion.loomnierdiUlyav«I.bleexp«.dabl.n^d,eb 

^ m U^. Petot No. 5.348.096, the contents of which ere incorporated 
^^'^--^ With the i^echin^s ort^ 

'^'^'^»»^210is,„pportedhytheexp.ndabiem.ndrel206. The 
^'^ -■^^ '"^Pan.ied in U^r.di.1 direction ««, extruded oirof the 
e^ta^n^dreim 1^ tubuh. »«nher «0 »^ be i«,ri«ted fton. en. 
Of con^.tion.1 conu.«^ .vai^bta n^teriei. such es, fcr e»„np,e 

30 fthr^ftomOCTOinorderton^dmi^strengtheftere^^pension. n^einner 
«do«,rd,«n««„fu„M,«l.rmcml»r2I0mayrangcf„r«,iom 
Wroximuely 1.905 to 1 19.38 cms (0,75 to 47 inch«) and 2.667 to 121.92 cms 
(1.05 to 48 niches), respectively, toaprefened 



embodiment, the Inner and outer diameters of the tubular member 2 1 0 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respecUvely in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 1 0 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a prefened 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 21 0 materials, the length of the 
1 0 tubular member 2 1 0 is preferably limited to between about 1 2. 1 92 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as. for 
1 5 example. Super Seal 11 float shoe, Super Seal II Down-Jet float shoe ora guide shoe 
with a seaUng sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from HaDIburton Energy Services in Dallas, TX, modified in 
0 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubular member 21 0 in the weUbore, optimally provide an adequate seal 
between the interior and exterior diameters of ttie overiapping joint between the 
tubular members, and to optimally allow tiie complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 
5 Ina preferred embodiment, tiie shoe 215 includes one ormore ttiroughand 

side ouUet ports in fluidic communication with the fluid passage 240. In tills 
manner, tiie shoe 2 1 5 optimally injects hardenable fluidic seaKng material into the 
region outside Uieshoe 215and tubular member 210. In aprefened embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
► receive a dart and/or a ball sealing member. In UtIs manner, the fluid passage 240 
can be optimally sealed ofTby introducing a plug, dart and/or ball seaUng elements 
into the fluid passage 230. 
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y The lower cup seal 220 is coupled to and supported l^'the'support member 

250. Thelowercup8eal220prevent8foreignmaterialsfromenteringtheinterior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
6 available cup seals such as, for example. TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
apreferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 

WHalliburtonEnerg7Service8inDalla8,TXinordertooptimaUy block foreign 
material and contain a body of lubricant. 

> Theuppercupseal225iscoupledtoand8upportedbythe8upportmember 
250. Theuppercup8eaI226preventsforeignmaterialsftomenteringtheinterior 
region of the tubular member 210. The upper cup seal 226 may comprise any 

numberofconventionalcommerciallyavailablecupseals8uchas,forexample TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
15 disdosmre. a preferred embodiment, the upper cup seal 226 comprises a SIP 
cttp.availabteWHalliburtonEnerBrServicesinDallafl.TXinord«^ 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinterior region of thetubularmember210belowthe expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member26Oandthee^dablemandrel205. The fluid passage 230 preferably 
extends irom a position a4jacent to the surface to the bottom of the expandable 

mandreI205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing naming mode of c^eiBtion. to 

transport materials such as drilling „„.d or fonnation fluids at flow rates ^ pressures ranging 
from about 0 to 1 1356.2355 Htres/minutc (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to mininuze surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 

30 

ThefluidpassagB235permite fluidic materialstobex^leasedfrom the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

9> 



( ,ew section 130 of the weUbore 100. fluidic materids 266'fo^ed up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
- therebyminimizingsui^gepressuresonthewellboresectioniao. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 

openingandclosingthefluidpas8age235.Inapreferred embodiment, the control 
valveispressureactivatedinordertocontrollablyminimizesurgepressures. The 

fluid passage 236 ispreferabJypositioned substantially orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 113S6.23SS litrestoute (0 to 3,000 
gaUons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in oider to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wdlbore 100 and to 
25 minimiz e surgie pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned withm the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 206. The fluid passage 240 preferably has a cross-sectional 
shape thatpennitsaplug. or other smiilar device, to be placed in fluid passage 240 
to thereby blockfortherpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

fluidiclyisolatedfromtheregionexteriortDthetubularmember210. Thispennits 
25 the interior region of the tubular member 210 below the expandable mandrel 206 

to be pressumed. The fluid passage 240 is preferabfy positioned substaatialfy 

along the centerline of the apparatus 200. 

The fluid passage 240 is preferabfy selected to convqr materials such as 

cement, drilling mud or epoxies at flow rales and pressures ranging firam about 0 to 
30 11356.2355 litres/minute (0 to 3.000 gaUonsAninute) and 0 to 620.52813 bar (0 to 9.000 

P") o'^er to optimally fill the annular region between the tabular member 2 1 0 and the 

^ new section 130 of the wellbore 100 with fluidic materials. In a preferred embodiment. 

the fluid passage 240 



( includes an inlet geometry that can receive a dart aiid/or a bi'sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are ftu^er positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overl^ping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidity sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as, for example 
10 lead, mbber. Teflon™, or qK>xy seals modified in accordance with the teachings of 

thepreeentdisclosure. In a preferred embodiment, the seals 245 are molded ftom 
Stratalockepoxy availableflromHafliburtonEnergy SendoesinDallas. TXinorder 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing Msing 116. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 116. In a preferred embodiment, the frictional force optimally 
P«>v,ded by the seals 245 nuiges from about 68.94757 to 68.947.57 bar (1 000 to 
1.000.000 lb£) in order to optimaUy support the expanded tubular member 210. 

20 Th««'PPortmember250iscoupledtotheexpandablemandrel205 tubular 

member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 

«"^bodiment.thesupportmember260furtherincludesoneormoreconventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantify of lubricant 275 is provided in the 
annular region above the expandable mandrel 206 within tiie interior of the 
tubularmember210. la this mamier. the extrusion ofthe tubular member 210 off 

°^«»««^a«<iablemandrel205isfadHtated.Thehibricant275maycompriseany 
30 number o^conventional commercial^ available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 
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( jitisieze (3100) available from Oimax Lubricants and Equipment Co. in Houaton, 
TX in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
xninimizes the possibility of foreign material clogging the variouaflow passages and 

valves of the Eq)paratus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that mi^t clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 AsiUustratedinFig.3,thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 805 is then pumped from a surfece location mto the fhiid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. CJontinued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
The material 305 is preferably puijq>ed into the annular region 3 15 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litres^iinute (0 to 1,500 gaUons/min), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section laigth, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using conventional empirical methods. 

The bardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 



for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluldic sealing material 305 comprises a blended cement prepared 
specifically for the particular well secUon being drilled from Halliburton Energy 
Services in Dallas. TX in order to provide optimal support for tubularmember 210 
5 while also maintaining optimum How characteristics so as to minimize difHculUes 
duringthedisplacementofcementlntheannularregionSlS. The opUmum blend 
of the blended cement Is preferably determined using conventional empirical 
methods. 

The annular region315preferably is filled with the material 305 insufficient 
10 quantities to ensure thai, upon radial expansion of the tubular member 210, the 
annular region 315 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a pailiculariy preferred embodiment, as iUustrated in Fig. 3a. the wall 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 
1 5 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthemiore. in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4. once the annular region 315 has been adequately 
20 filled wiUi material 305. a plug 405. or other similar device, is Introduced into the 
fluid passage 240 thereby fluidicly isolating the interior region 3 10 fmm the annular 
region 315. In a prefened embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 3 1 0 causing the interior region to pressurize. 
In this manner, the interior of the expanded tubular member 2 1 0 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
the entire process. AltemaUvely. the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes suffidently pressurized, the tubular 
member 210 is extnided off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extnision 
process, the mandrel 205 Is raised at approximately the same rate as the tubular 



(member 210 is expanded in order to keep the tubular member* 210 stationaiy 

relativetothenew wellboresection 130. laanalternativepreferred embodiment 

theextrusionproce88i8commencedwithaietubularmember210po8itionedabove' 
the bottom of the new weUbore section 130. keeping the mandrel 205 stationaiy 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall' 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 ««ahng material 305 from tie non hardenable fluidic material 306. 

The plug 405 may comprise any nmnber of conventional commeiciaUy 
availabledevicesfrompIuggingafluidpas8agBsuchas.forexample.M^^^^^ 
Cementer (MSG) latoh^own plug. Omega latch-down plug or thr.e-wiper latoh- 

^^-PJ^^-odifiedinaccordancewiththeteachingBoftl^presentdisctesure In 

15 -P-f«"-de»^odiment,theplug406comprisesal^Cktch^ownplugavai^^^^ 
from Halliburton Energy Services in Dallas, TX. 

^PJ-<««-entoftheplug406inthefluidpassage240.anonhardenable 
this m^ner «. 1 15141.6473 1 Wmmute (30 to 4.000 gal Wmin). In 

<o3,000galIo»s/bu„)a,ori„,o„„inuMth.extn«i«,^ 

te-^e, bum. „d Motion effect, upon th. tubular Member 210 during the 
«P«su>n proce^. eflbC will be depend upon the geometry of the 

''=P--<'"--*^S05,then».erial»n.po.ition.,thetubuh.n^b^ 

--.drei m, the inner diam^ of the tubular number 210, the ^ 

oTr^f'^'^'^"''"'''''^""^--''^'^^'^^'-^ 
_ofthe.ubul.rn»nher210. 1» general, the thicker the wall thicknees. the amaller 
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rj,eim«rdi«,„ter.aKlttegre..erttoyieldet»ngthrftte't^ 

then tl»grMtotheoperaU»gpress««sV«^toearude the tub^^ 
210 off of the mandrel 205. 

For typical tubular members 210. the extrusion of the tubular member 210 
5 off of the e^andable mandrel will begin when the pressure of the interior region 
3 10 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of tixe tubular member 210 at «tes ranging for 
example.^znabout0to5fVsec. In apreferred embodiment, during the extru^on 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tabular member 210 at rates ranging fix)m about 0 to 0.6096 m/s (0 to 2 fl/sec) in order to 
mmomize the time required for the expansion process while also pemiitting easy control 
of the expansion process. 

When the eodportion260ofa» tubular nwmberaiOiBexhiidedoff of the 
15 exp<u«ieMe 206. the outer suxftce 266 of the emj portion 260 of the 

tubutar m«ober 210 wiB preferebty cont«t the interior .urfW^e 410 of the end 

portion 270ofthe«™gll6 to formim fluid tight overUppingjoint. The contact 
inasuis of Ike mOvH-V i<mt luv rage, for mmiple, fiom .ppion™teIy 3 447379 to 
U7..95I4 tar po to 20.000 psi). lo . prrftad ariKKBm»t. the con-e, of >he 

20 overlwin. joint rmges 6om .pp,c«m«dy 27J79028 to 6S9A757 l»r (400 to 10,000 psi) in 

.rier to pr<Md. .p6,,«„ pre^re to «»i™e tl» .nnul« seding ™rt.e,, 245 «>d 
l»x.vrie resi««». to «,i.l ttwion to «»o™,«rf.,. typica ,e.,sile ..d con^^ 



''''"verlappinKiointbetweenthe.««,n410oftheeri,*lngc«dagll6and 

25 ZTr'''°"^'^'^'^'"''^'^'^'nse^ 
andilutdtoaeaL Inapartlcu,ar(yp.^«^..,.k^,a„ ^^^^ 

opttmally proride a fluidic mi g,«oas aeal in the overh^ing joint 

'"f'^'™^«»*«'to«.t,theopen*,gpr«,urean^ 

h^leflu,dicn«...,W306i.c.ntrollabl,,.Mpeddo™wi.enthe«tpandahl^ 
nuu,d»i 206 «aches the end portion 260 of the tubuhtr member 210. In thi. 
n«m«r. the «.dd«, rele-e of pressure caused by the complete extrusion of 
tubular member 210 offofthe expandable mandrel 205 can be minimised In. 



preferred embodiment, the operating pressure is rediiced a sibstantiaJly linear 

feshionfromlOO%toaboutlO%duringdieendoftheextr«fiionpix,cessbe^^ 
— when the mandrel 205 is within about 1 .524 m ( 5 feet) fiom completion of the extrusion ' 

process. 

5 -AItematively,orincombination,ashockabsorberisprovidedinthesupport 
member250inorder to absorb the shock^SlSbi^suddenrelea^ 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removedfrom the wellbore 100. In a preferred embodiment, either before or after 

the removal of the expandable mandrel 206. the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
thetubularmember210andthelov»erportion270ofthecasingll5issatisfacto,y 
thenanyuncuredportionofthematerial305withintheexpandedtubularmember 
20 2l0isthenremovBdinaconvBntionalmannersuchas.forexampIe.circuIatingthe 
uncuredmaterialoutoftheinterioroftheexpandedtubularmember210 The 
mandrel 206 is then pulled out of the weUbore section 130 and a drill bit or mill is 
used m combination with a conventional drilling assembly 505 to drill out any 
hardened material 306 within the tubular member 210. The material 306 within 
25 the annular region 316 is then allowed to cure. 

AsiUustratedinFig.5.preferabtyanyremainingcuredmaterial306 within 
the mterior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drifl string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 

30 annularlayer516ofc«redmaterial305. The bottom portion ofthe apparatus 200 
comprising the shoe 216 and dart 406 may then be removed by drilling out the 

_ shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as IBustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 1 15 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and ttie pressure on the Interior and exterior surfaces 
of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the seaUng members 605 are seated witfiin 
recesses 6 1 5 formed in the outer surface 265 of ttie upper portion 260 of the tubular 

member210.1nanaltemativepreferredembodiment,tt,esealing members 605are 
10 bondedormoldedontotfieoulersuriace265ofttieupperportion260ofttietubular 
member210. The pressure relief holes 610 are preferably positioned in the last few 
feet of tiie tubular member 210. The pressure relief holes reduce Uie operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of tiie 
15 mandrel 205 upon tiie completion of ti,e exUruslon process. This reduction in 
velocity in tum minimizes Uie mechanical shock to tfie entire apparatus 200 upon 
the completion of the extiusion process. 

Referring nowto Rg. 7. apparatus 700 for fonning a casing within a wellbore 
preferably includes an expandable mandrel or pig 705. an expandable mandrel or 
20 p^ container 710. a tubular member 715. a float shoe 720. a lower cup seal 725. an 
upper cup seal 730. a fluid passage 735. a fluid passage 740. a support member 745. 
abody of lubricant 750. an overshot connection 755. anottier support member 76o! 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by Uie support 
25 member 745. The expandable mandrel 705 is furtfier coupled to tfie expandable 
mandrel container 710. The expandable mandrel 705 Is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially avaflable expandable 

mandrels modified In accordance wittitheteachingsof the present disclosure. Hie 
30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348.095. the contents of 



which are Incoiporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 71 0 Is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constnjcted from any number of conventional commercially available materials 
such as. for example. Oilfield Countiy Tubular Goods, stainless steel, titanium or 

highstrengthsteels.Theexpandablemandrelcontainer7IOmaybe fabricated from 
materialhavingagreaterstrengththanthematerialfromwhichthetubularmember 
10 715isfabricated. In this manner, the container 710 can be fabricated froma tubular 
materialhavlnga thinnerwall thickness than the hibular member210. TTus permits 
the container 71 0 to pass through tight clearances thereby facUitating its placement 
within the wellbore. 

Once the expansion process begins, and the thicker, lower stiengtti material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 71 5 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

directionandextrudedoffoftheexpandable mandrel 705substantiallyasdescribed 
20 abovewithreferencetoFigs. 1-6. •nietubularmember7l5 maybe fabricated from 
any number of materials such as. for example. Oilfield Country Tubular Goods 
(OCTG), automotive grade steel or plastics. The tubular mentf>er 715 may be 
fabricated fiiom OCTG. 

'nietubularmember715preferablyhasasubstantiallyannuJarcross.section 

25 The lubularmember 715moreprefeiablyhasasubstantiallydrcularannularcross- 
section. 

The tubular member 715 preferably includes an upper section 805. an 
intermediate section 810. and a lower section 815. The upper section 805 of ttie 
tubular member 715 preferably is defined by ttie region beginning in the vicinity of 
30 tiie mandrel container 710 and ending with the top section 820 of the tubular 
member715.'nieintennediatesection810ofUie tubular member715is preferably 



defined by the region beginning in the vicinity of the top of the mandrel container 
7 1 0 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 oflhe tubular member 7 15. 
5 The wall thickness of the upper section 805 of the tubular member 715 is 
greater than the wall thicknesses of the intermediate and lower sections 810 and 
815 of the hibular member 715 in order to optimally faciliate the initiation of the 
extrusion process and optimally permit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 
1 0 The outer diameter and wall thfckness of the upper section 805 of the tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of the upper section 805 of the tubular member 715 may range 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 inches), respectively. 

The outer diameter and wall thickness of the Intennediate section 8 1 0 of the 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the inteimediate section 8 1 0 of the tubular member 
20 7 1 5 may range from about 8.89 to 48.26 cms (3.5 to 1 9 inches) and 0.3 1 75 to 3. 1 75 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 
25 thickness of the lower section 810 of the tubular member 715 may range from about 3.5 to 
19 inches and 1/8 to 1 .25 inches, respectively. The wall thickness of the lower section 815 
of the tubular member 715 may be further increased to increase the strength of the shoe 
720 when driUable materials such as, for example, aluminum are used. 

The tubular member 7 1 5 preferably comprises a solid tubuleu- member. The 
30 end portion 820 of the hibular member 7 1 5 may be slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 705 when it completes the extrusion 
of tubular member 715. The length of the hibular member 715 may be Umited 



to minimize the possibility of buckling. For typical tubular member 715 materials, 
the length of the tubular member 7 1 5 is preferably limited to between about 12,192 
to 6.096 cms (40 to 20.000 feel) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
inlet passage 830, and one or more jet ports 835. The cross-sectional shape of the inlet 
passage 830 is preferably adapted to recede a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
of solid material 840 for increasing the strength of the shoe 720. The body of solid material 
10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modifled in accordance with the 
teachings of the present disclosure. The shoe 720 preferably comprises an 
1 5 aluminum dovm-jet guide shoe v^th a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the shoe 
20 720 by drilling it out after completion of the extmsion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX in order to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 



nun*erofco™,enlk.nalcomn,erciallyavailablecup5ealssucha5,for«<an.pleTT> 
cups o, Selecve .nJecUon Packer (SIP) cup modilied in accortance «,«, 
teachings oi *e presen. disclosure. upper cup seal 730 may compHse a S.P 
cup avauable Iron, Halliburton Energy Services in Dallas. TK in order ,o op«n»lly 
5 P-ovideadebrisbanierandcontelnabodyoflubiicanL 

™««"W|««age735pern,i.sauidlcma.enals.obeUansported.„a™.lron, 
^ .me^rregion of .he M«br „,en,ber 7.5bek»v tt« expandable mandrel 705. 

^flu,dpassage735lslluidiclyc«upled,oa«nuidpassage740. -melhrld passage 
735 .s preferably coupted to and posiUoned wiWn ttre support member 760. me 

.»sj^rtmember745.0«ma«,,elco„,ainer710,and«,ee,pandab,emandre,70^ 

T*elK«ipassage735prefe.,blyex,endsft„maposi«onadiace„,,„mesuriaceto 
tt« bottom of tt,e expandable mandrel 705, -me lUd passage 735 Is preferably 
pos.Uoned along a cemerline of >he appararus 700. The lluid passage 735 is 
preferably selected ,o Uansport malerials such as cemen,, drilling mud o, epoxies 

«.o3000gallonVmlnu.e)and34.473to620.528,3ba,C500to9.000ps0i„o.der 
to provrde sumciem operaUng pressures to exoude *e .ubula, member 71 5 off of 
me expandable mandrel 705. 

As described above witt, reference to Figs. 1-6. duhng placemen, of tt« 

2. ^'^'wHHinanewsec.onofa^^llbore.fluidicma.eria.s forced up .he 

fluK.passage7^ca„bereleasedtotoU«wellbo.,aboveme.ubularmember7.5 
IT-e apparatos 700 hmher includes a pressure release passage *a. is coupled to 
and pos^honed «i«Un the support member 260. TT,e pressure release passage b 
*-*ermndiclycoup,edtotbeflu.dpassage 735. pressure rej plge 
25 preferably includes a c«,uol valve for con«.llably opening and closing Zd 
passage, n^e control vah^ may be pressure acOvated in order to conhollably 
m,™m.e surge pressures. Tl« pressure release passage i, preferably posiBoned 
subsunuaoy orthogonal to U« centertlne of Ore apparatus 7(K.. iL pressu. 

30 mud or epoxres a. (tow rates and pressures ranging irom about 0 to 1892.70^ 
Iruestoinute (0 to 500 gallonsM^nute) and 0 to 68.94757 bar (0 to 1 000 
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psO in order to reduce tt.e drag on tf,e apparatus TOO during tasenlon ,„«> a new 

sectlonofawellboreand.ominimize.u,sep«»sure.onU,enewwe«b<»esecaoa 
TKe fluid passage 740 pe„„|B „„„„ „,„eH^ „ ^ „^^^ ,^ ^ ^ 

-8.o„ex,enor,„U«.,bularn,en*e,7,5, Tl» fluid passage 740 Is p«fer.bfr coupled .0 
Sa.dpcs,«o„edw,U^tt,eshoe7201nflu,dicco^unica»o„«,.hU,el„,«ter«,lo„of*^ 
n*ula,.ember71Sbelowtt,eexpandal>le™a«d,.l705. n»«u.d passage 740 p-etaaWy 

^.830„f«,e fluid passage 740toO,e«.,ybtockfunhe,passageof(l„ldicn»terids. In 
U.s„«^r,«,eln.ed„,eglo„of«,e,ubularn»mbe,715Wow.he«^ 

7«5canb.op»™ally,,Udiclylso.atedf.o.tt,e,e.ta„exteHor.oU»»ularmem^ 

205 .o bep^ssudzed. The fluid passage 740 is preferably positioned 
subslantBlly along u« centertine of the apparatus 700. Hold passage 740 is 

^'V^'^'edtoconvey.nate.ialssuehascement.dril.ingmudorepoxlesa, 

l5flowralesandp,essures,an,lngft„maboutOtolI35M3S5lilreVmlnute(Oto3 000 
galtonVWnute) and 0 to 620,52813 l«r (0 to S.m psi) in order to optimally HB an 
annuhr region between the tubular men*er 7,5 and a new section o, a wellbore 
wiU. flutdlc n«terials. ll>e ft*, passage 740 may mcude an irtet passage 830 

'«»™«a8«»«..yU«.canreceiveada,.an<»'„raba,,sea«ng member. ,„,h,s 
20 n^r the Auld passage 240 can be sealed olT by imtoducin, a plug, dan an*or 
ball sealing etements into the fluid passage 230. 

•n.eapparatus700mayftmherincludeoneormoreseals845couptedtoand 
supported by the end porUon 820 of the tubular member 7,5. seab 845 are 

R.nherposiuonedonanoutersu.faceof.hee«,p.,«o„«20ofthetobularmember 
25 ri5. IKe seals 845 pern,,, the overtapplr, |ol« between an end poHton of 

P«e»sti„gcastagandtheendpo,«on820ofthetubularmember7,5tobefluidicv 
sealed T„e seab 845 may comprtse any number of conventional commercially 

a™iableseabsuchas,torexample.tead.mbber,Tel,on™,„repoxysea,smodined 
m acconbnce with the teachings of the present disclosure. ,„e seals 845 may 
30 compme seds moWed ftom StrataU.k epo«y available tom Hatlbuton Energy 
Services in DaBas, TX in order to opdmally pn^de a hydmulc sea, and a load 
bearing 
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interference fit in the overiapping joint between the tubular member 715 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient fricUonal force to 
5 support the expanded tubular member 715 from the existing casing. The frictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to optimally support the e;q>aiided tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a weUbore. The support member 745 may comprise any 
number of conventional commercially available support membeis such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
15 accordancewiththeteachingsofthepresentdisclosure. The support member 745 
maycomprise conventional driU pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 wittiin the interior of the tubular member 715. 

20 In tills manner, ttie extrusion of Uie tubular member 715 off of ttie expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1 500 Antisieze (3 1 00). The 
lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 Halliburton Energy Services in Houston, TX in order to optimally provide lubrication 
to faciliate the extrusion process. 

The overshot connection 755 is coupled to ttie support member 745 and tiie 
support member 760. The overshot connection 755 preferably permits ttie support 
member 745 to be removably coupled to ttie support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 
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wershot connections suchasjorexamplejnnerstring Sealing Adapter Jnnerstri^ 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot connection 
755 may comprise a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services In Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not fflustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or other high strengtii tubulars 
modified in accordance udtf, Uie teachings of the present disclosure. The support 

member760maycompri5eaconventionaldrillplpe available fromsteelmiUslntiie 
United States. 

The stabilizer 765 is preferably coupled to tiie support member 760. TTie 
15 stabilizer 765alsopreferablystabill2estfiecomponentsofti,eapparatus 700witfun 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 

member having an outside diameter ttiat is about 80 to99% of the interiordiameter 
of the tubular member 715 in order to optimally minimize budding of tfie tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
20 commerciaIlyavailablestabiIizerssuchas.forexampIe.EZDriliStarGuides packer 
shoes or drag blocks modified In accordance with the teachings of the present 

disclosure. TTiestabilizer 765 maycompriseasealingadapterupperguideavailable 
from Halliburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be tiioroughly cleaned prior to 
25 assembly to the remaining portions of U^e apparatus 700. In this manner, ttie 
introduction of foreign material into the apparatus 700 is minimized. This 

minimizes ttiepossibUityofforeignmaterialcloggingtiie various flowpassagesand 
vahres of the apparatus 700. 

Before or after positioning the apparatus 700 wititin a new section of a 
30 weDbore, a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and vah^es of the apparatus 700 and to ensure that no foreign material 
interferes v^dth the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 

reference to Figs. 1-7 to fonm a new section of casii^ wdthin a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing weDbore casing 805 by 
forming a tubular liner 81 0 inside of the existing wellbore casing 805. In a preferred 

10 embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the altemative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular liner 810 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 
drilling mud. In the altemative preferred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 
provide a fluidic seal In an altemath^e preferred embodiment, the tubular liner 8 1 0 
is formed within a horizontally positioned pipeline section, such as those used to 
transport hydrocarbons or water, with the tubular liner 8 1 0 placed in an overiapping 
relationship with the adjacent pipeline section. In this manner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 
sections. 

In another altemative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
25 the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the wellbore such as, for example, cement, epoxy, slag mbc, 
or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
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apparatus 900 for fonming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a prefen^ed embodiment, the design and construction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a vs^ellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular memt>er 902 preferably includes an upper portion 
91 0, an intermediate portion 912 and a lov^er portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an e:q[>andable tubular member 915 
is coupled to the upper portion 9 1 0 of the ejq>andable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 
15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a preferred emt>odiment, the wall thickness of the hjbularmember915is greater 
than the wall thickness of the tubular member 902. 

The tubular member91 5 maybe fabricated from any numt>er of conventional 
20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a prefened embodiment, the tubular member 
915 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular meml>er 902. In a particulariy 
prefenred embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.92195 bar (40,000 to 1 35,000 psi) in order to optimally 
provide approximately the same yield properties as the htbular member 902. The 
tubular member 9 1 5 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of buckling. For typical tubular member 
materials, the combined length of the tubular members 902 and 91 5 are limited to between 
about 12.192 to 6,096m (40 to 20,000 feet) in length. 
5 The lower portion 9 1 4 of the tubular member 902 is preferably coupled to the 

shoe 908 by a threaded connection 968. The intemnediate portion 9 1 2 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 

1 0 steels, titariium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

1 5 provide approximately the same yield properties as the tubulcu* member 91 5. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
irKhes). In a preferred embodiment, the wall thickness of the upper, intermediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 

20 3.175 cms (1/8 to 1 .25 inches) in order to optimally provide wall thickness that are about 
the same as the tubular member 91 5. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 

Theouterdiameteroftheupper, intermediate, and lower portions, 910,912and914 

25 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms (1 .05 
to 48 inches). In a preferred embodiment, the outer diameter of the upper, intermediate* 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfleld tubulars. 
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^ . The length of the tubular member 902 is t)referably fimiterf to Wtween about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Countiy Tubular Goods available from various U.S. steel mills. 
The tuhnlftr member 915 may comprise ai:^^ number of conventional concunercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferred embodiment, the tubularmember 915 comprises 
Oilfield Countiy Tubular Goods available fi:t>m various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded coimections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 n:iay comprise a pliu'aliiy of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 Tlie support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially Annnipr cross-section. 
30 The support member 904 may be fabricated firom any number of 

conventional conunercially available materials such as, for example, oilfield 
tubtdars, low aUoy steel, coiled tubing or stainless steel. In a preferred 

9n 



( ;nibodiment, the support member 904? is fobrica'ted ffom*lt)Vftiloy steel in order 

to optimally provide high yield strength* 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918i8preferab^usedto convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenablefluidic sealing nmterials to and 

apparatus 900. In a particularly preferred enobodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioningof the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620,52813 bar (0 to 9»000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the te«riiing B of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy Sftnn apa in npHflc ^ Ty nrHfir 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
munber of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the varioxis 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
e^ansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferab^ has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SDP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate^, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100X Inapreferredembodiment^theliibricantcomprisesCliniax 1500 Antiseize 
25 (3100) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimaUy provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the eiqf>ansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 



and the upper cone retainer 944. Inner radial movement o*f the expansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The wall thickness of the expansion cone 928 may range, for example, 
from about 0.3175 to 7.62 cms (0.125 toSinches). Inaprefened embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minimal material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 inches). In a preferred emt>odiment, the maximum and minimum outside 
diameters of the e;q)ansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 1 9 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

1 5 The expansion cone 928 maybe fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a prefened embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C In a preferred embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges fix>m 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 Is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a prefen^ed embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 



r. I • • • • ^ • 
f *. . , * • • • 

and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 RockweU C to 70 
Rockwell C. In a prefen-ed embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abiasfon resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and Increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably males with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is posiUoned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing stnichire for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of convenUonal 
20 commercially avaflable cement compounds. Alternatively, aluminum, cast iron or 
some otherdrillable metaflic. composite, or aggregate material maybe substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900. the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lowerguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars, low aUoy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 Is 
fabricatedfromlowalloysteelinordertooptimallyprovidehlghyieldstrength. The 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housii^ 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
convenUonal commercially available materials such as, for example, oilfield 
tubulars. low alloy steel or stainless steel. In a prefened embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seaUng sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fhiid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commerciallyavailable materials such as. forexample. steel, aluminum orcast iron. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedriUability.Theendofthespacer938 preferably mates with Uie 
25 end ofthe extension tube 960. In a preferred embodiment, ttie spacer 938 and the 
sealing sleeve 942 are fomied as an integral one-piece element in order to reduce 
the number of components and increase tiie strengtti of the appaiahjs. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of tiie apparatus 900. the housing 940 preferably prevents inner radial 
motion of tiie expansion cone 928. Preferably, ttie housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of convenBonal 
comme«:la.ly available malerials such as. fo, example, oillield tubula.,, low aBoy 
sleel or stainless steel. In a preferred embodiment, the housing 940 is labHcaled 

from lowalloy steel in o«ler.oopumallyp,ovidehlghyieldstreng.h.lnaprefe„ed 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
fomied as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particulariy prefetred embodiment, the Interior surface of the housing 
940 mcludes one or more protmslons to faciliale the connection between the 
10 houslng940andthebodyofcement932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cemem 932. the spacer 938. and the uppercone retainer 944. During operationof 
apparatus, me sealing sleeve 942 preferably provides support lor the mandrel 

^«Thesealingsleeve942ispreferablycoupIedtothesupponmember904uslng 
15 the coupling 922. Preferably, the seaitag sleeve 942 has a substantial^ amu, J 

cross-section. 

Tl>e sealing Sleeve 942may be fabricated f.,m any number of convendonal 

comme,ciallyavailablematen-aUsuchas,forexamp.e.steel.aluminumorcastiron 
in a preferred embodiment the sealing sleeve 942 Is fabricated from alum,„um in 

20 O'<ierlooptimallyprovidedrillabllliyofihesealingsleeve942 

in a particulariy preferred embodiment, the outer surface of the sealing 

sleeve942mdudesoneormorepro„usions,o,aciliatetheconnectionbe.wean.he 
sealing sleeve 942 and the body of cement 932. 

« '"''^''''''''P^'''^"^''*"'»^'™"'.'h">»cer938andtheseali„gsleeve 

25 942a,em,eg,allyfom,edasaone^,ieceelemen.inordertominlmize the number 

Of components. 

T^e upper cone retainer 944 is coupled to the expansion cone 928. the 
sealrng sleeve 942, and the body of cement 932. During operation of the apparatus 

900..heu,^rcone,e.ainer944prefe.ablypreve„.saxlalmotlon„ftheexpa„sicn 

30 cone928. '^fe«bly,theupperco„eretainer944hasasubstantiai.yannula,cross. 
sectioa 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 

fabricatedfromaluminum in order to optimallyprovidedrillabilityofthe upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
ttiat is substantially 1-shaped to provide increased rigidity and minimize the amount 
1 0 of material ttiat vtrould have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer924. the mbber cup 926. 
the upper cone retainer 944, the lubricator sleeve 948. and the guide 950. During 
operation of the apparatus 900. the lubricator mandrel 946 preferably contains Uie 
body of lubricant in the annular region 972 for lubricating the interface between Uie 
15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-sectioa 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, tiie lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drillablUty of ttie lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926. the upper cone retainer 944. the lubricator sleeve 
948. and the guide 950. During operation of tiie apparatus 900. ti^e lubricator sleeve 
25 948 preferably supports the mbber cup 926. Preferably, tiie lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially avaUable materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillabiUty of Uie lubricator 
sleeve 948. 



As illustrated in Fig. 9c. the lubricator dl^e^ 948 is suppoiifed the lubricator 
mandrel 946. The lubricator sleeve 948 In tum supports the rubber cup 926. The 
retainer 924 couples the njbber cup 926 to the lubricator sleeve 948. fn a preferred 
embodiment, seals 949a and 949b are provided bet^veen the lubricator mandrel 
5 946, lubricator sleeve 948, and njbber cup 926 in order to opUmally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946. the retainer 924, and 
the lubricator sleeve 948. During operation of the apparatus 900, the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
1 0 950 has a substantially annular cross-sectioa 

The guide 950 may be fabricated from any number of conventional 

conimerciaIlyavailablematerialssuchas.forexampIe,steel.aIuminumorcastlTon. 
In a prefened embodiment, the guide 950 is fabricated from aluminum order to 

opUmally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operaUon of the 

apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
In a prefened embodiment, the fluid passage 952 is positioned about the centerilne 
of the apparatus 900. In a particulariy prefen^ed embodiment, the fluid passage 952 
is adapted to convey hardenable fluidic materials at pressures and flowrale ranging 
20 from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 litres/minute (0 
to 3.000 gallonVmin) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as. for example, threaded connections, welded 
25 connectionsorcemendng. Inapiefened embodiment, the various elements of tiie 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956 a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outietjets 964. 

30 The housing 954 is coupled to the bodyofcement 956 and the lower portion 

9l4of the tubularmember902. During operationoftheapparatus900.tiie housing 
954 preferablycouples the lower portion of the tubular member 902 to the shoe908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of convenUonal 
commercially available materials such as. for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protmsions to faciliate the connection behveen the body 
of cement 956 and the housing 954. 
10 The body of cement9561s coupled to the housing 954, and the sealing sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to pemrait the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 convenUonal cement compositions. In an alternative embodiment, a driUable 
material such as, for example, aluminum or lion may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. the fluid passage 962. and one or more outiet jets 964. During operation 
20 of tfie apparatus 900. the seaUng sleeve 958 preferably is adapted to convey a 

hardenablefluidicmaterialfromttie fluid passage952lnto the fluid passage962and 

then Into the outiet iets964 In ordertoinfect the hardenablefluidic material imoan 
annular region external to the tubular member 902. In a preferred embodiment 
dunng operation of the apparatus 900. the sealing sleeve 958 further includes an 

25 '"tetgeometrythatpemiitsaconvenUonalplugordart974tobecomelodgedinthe 
.met of the sealing sleeve 958. In ttiis manner, the fluid passage 962 may be 

blocked tiierebyfluidicly isolating the interior region 966 ofthelubularmember902. 

Inaprefen-ed embodiment, the sealing sleeve 958 hasasubstantiallyannular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel 
aluminum or cast iron. In a prefened embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimaliy pfovide'drfflability'ohhe sealing 
sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962. and one or more outlet jets 964. During operation of the apparatus 
6 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outiet jets 964 in order to iiyect the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometay that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross^on. The extension tube 960 may be fabricated fit,m any number 
of conventional commerdaDy avaihible materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 
20 fabricated from aluminum in order to optimally provide driUabihty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 968. the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 preferred embodunent, the fluid passage 962 is positioned about the centerlme of 
the apparatus 900. In a particularly preferred embodunent. the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 620.52813 bar (0 to P.OOOpsi) and 0 to 11356.2355 (0 to 3 000 
gallons^) in order to optimally provide fluids at operationally efficient rates. 

30 Th«o«aetjete964arecoupledtothe8ealing8leeve958,theextensiontube * 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
_ jets 964 preferably conv^ hardenable fluidic material from the fluid passage 962 
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^ to the r^on exterior of the apparatus 900. ii'a preferrcd'emboiumii^t. the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 964 and the body of cement 966 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Pigs. 1^ to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranemi formation 

a dnU string is used in a weU known manner to drill out material from the' 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916 In a 
prefer^d embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918 The 

hanlenablefluidicsealingmaterialthenpassesfromthefluidpassage918 into the 
mterior region 966 of the tubular member 902 below the mandrel 906 The 

hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 appa^tus 900 via the outlet jets 964 and iills an annular region between the 

extenor of the tubular member 902andtheinterior wall of the newsectionoft^ 
weUbore. Co^tinuedpumpingofthehardenablefluidicsealingmaterialcausesthe 
material to fiU up at least a portion of the ammlar region. 

The hardenable fluidic sealing material is p^ferably pumped into the 

3» 
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and now rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creaUng high enough circulating pressures such that circulation might be lost and 
that could cause the weUboie to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag muc, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the weU section being lined available from Halliburton Energy 
Services in Dallas. TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operationaldifliculties during ihedisplacementofthecementin the annularregion. 
The optimum composition of the blended cements is preferably detennined using 
15 conventional empirical methods. 

The annular region preferably is filled witfi the hardenable fluidic sealing 
material In sufficient quantities to ensure Uiat, upon radial expansion of the tubular 
member 902. ttie annular region of the new section of the weUbore wUI be fiUed 
with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating tiie interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974. or other similar device, preferably Is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or other similar device 
into the non hardenable fluidic material. In ttiis manner, the amount of cured 
material wiUiin the Interior of tfie tubular members 902 and 915 is minimized. 
30 Once the Interior region 966 becomes sufficienUy pressurized, the tubular 

members 902 and 915 are extnided off of the mandrel 906. The mandrel 906 may 
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^ be fixed or it may be expandible. During the 'extnasion profcess, fiie mandrel 906 
is raised out of the expanded portions of the tubular mranbers 902 and 915 using 
the suK)ort member 904. Duiingthis extrusion process, the shoe 908 is preferably 
substantial][y stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-down plug. Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. Inapreferred embodiment, the plug or dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferabfy pumped into the interior region 966 at 
15 pressures and flow rates ranging fiom approximately 34.473 to 620.52813 bar (500 to 
9.000psi) and 151.4164 to 11356.2355 litres/minute (40 to 3.000 gallons/min) in order to 
optimally extrude the tubular members 902 and 915 off of the mandrel 906. 

For typical tubular members 902 and 915, the extn^ion of the tubular nembm 902 and 915 off 
of the «q,ai«Jable maruhcl will begin when the pressure of the interior region 966 reaves approriaMely 
34.473 to 620JM13 bar (500 to 9.000 psi). In a preferred en*odinHsnt. the extrusion of tbe tubular 
«eniben 902 and 915 off of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approximately 82.7352 to 586.041 ba, (1.200 to 8.500 psi) with a flow rate of about 151.4164 to 
4731.7648 libes/minule (40 to 1250 gaDoos/ininute). 

During the exlmsion process, the mandrel 906 may be raised out of the expanded 
porttons of the tubular members 902 and 915 at«tes tanging, for example, from about 0 
25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extmsion process, the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
puihng speed fast enough to pemait efficient operation and pemnt fell expansion of the 
tubular members 902 and 91 5 prior to curing of the hardenable fluidic sealing material- 
but not so fest that timely adjustment of operating parameters during operation is 
30 prevented. 



When the upper end portion of the tubular member 9*1 5 is exikided off of the 

mandrel 906, the outer surface of the upper end portion of the tubular member915 
will preferably contact the interior surface of the lower end portion of the existing 
casing to forni an fluid Ught overlapping joint. The contact pressure of the 
5 overIappirM{ joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20.000 psi). In a prefeired embodiment, the contact pressure 
of the overlapping joint between the upper end of the tubularmember 915 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 1 0.000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that the tubular 

member9I5andexisting wellbore casing win cany typical tensile and compressive 
loads. 

In a preferred embodiment, the operating pressure and flow rale of the non 
hardenable fluidic material wiU be controllably ramped dovm when the mandrel 
15 906reachestiieupperendportionofthetubularmember915. In this manner, ttie 
sudden release of pressure caused by tiie complete extmsion of Uie tubular 
member 915 off of ttie expandable mandrel 906 can be minimized. In a prefened 
embodiment, tiie operating pressure is reduced in a substantially Unear fashion 
from 100% to about 10% during tt,e end of ttie extmsion process beginning when 

20 themandreI906hascompletedapproximateIyaUbutaboutttielast 1.524m (Sfeet) 
of the extiusion process. 

In an altemative prefened embodiment, the operating pressure and/or flow 
rate of U,e hardenable fluldic sealing material and/or the non hardenable fluidic 
material are controHed during ail phases of the operation of the apparatus 900 to 
25 minimize shock. 

Alternatively, or in combination, a shock absorber is provided in tiie support 
member 904 in order to absori> Uie shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure Is provided 

30 above ttiesupportmember904inordertocatchoratleastdeceleratelhemandrel 
906. 

Once the extmsion process is completed, the mandrel 906 is removed from 
the wellbore. In aprefeired embodiment, eittier before or after the removal of U»e 



mandrel 906, the integrity of the fluidic seal of the overiapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using convenUonal methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealingmaterial within the expanded tubular member91 5 is then 
removed in a conveniional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of weUbore Is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 91 5 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removal of ttie 
remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as. for example, cement and 
aluminum, that pemiit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908. including one or more of the body of 

cement932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, the 
lubricatormandrel 946, the lubricatorsleeve 948, the guide 950. the housing 954, Uie 
body of cement 956, the sealing sleeve 958, and the extension tube 960, aie 
30 selected to pennit at least some of these components to be drilled out using 
conventional driUing methods and apparatus. In this manner, in the event of a 
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malfunction downhole. the apparatus 900 may be easily removed from the 
welJbore. 

Referring now to Figs. 10a, 10b, lOc, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 0a, a wellbore 1000 positioned in a subterranean formation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably Includes a tubular liner 101 2 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 1 la- 1 If. 

In a particularly prefen-ed embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower portion of the tubular Uner 1008. In a particularly 
preferred embodiment, an outer surface of tfie upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluldic seal 
between the tubular liners 1008 and 1012. 

Refemng to Fig. 1 Ob, in order to create a tie-back liner that extends from ttie 
overiap between tiie first and second casings, 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
20 member 1 1 1 0, a shoe 1115, one or more cup seals 1 1 20, a Huid passage 1 1 30, a fluid 
passage 1 1 35. one or more fluid passages 1 1 40, seals 1 1 45, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by tiie 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controllably expand In a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a prefen-ed embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansfon tool substantially as disclosed in U.S. PaL No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance witii tiie 
teachir^s of the present disclosure. 
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The tubular member 1 11 0 is coupled to and supported by the'expandable mandrel 
1 105. The tubular member 1105 Is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1110 may be 

fabricated from any number of materials such as, for example, Oilfield Country Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 

member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The Inner and outer diameters ofthe tubular member 1 1 lOmay range, forexample, 

from approximately 1.905 to 1 19.38 cms (0J5 to 47 Inches) and 2,667 to 121.92 cms (1.05 

to 48 inches), respectively. In a preferred embodiment, the inner and outer diameters of 
1 0 the tubular member 1110 range from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 

to 40.64 cms (3.5 to 16 inches), respectively in order to optimally provide coverage for 

typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid 

meml)er. 

In a preferred embodiment, the upper end portion of the tubular meml)er 1 1 10 is 

1 5 slotted, perforated, or otherv^se modified to catch or slow dovm ttie mandrel 1 1 05 when 
it completes tfie extrusion of tubular member 1 1 10. In a preferred embodiment, tiie length 
of Oie tubular member 1 1 10 is limited to minimize ttie possibility of buckling. For typical 
tubular member 1110 materials, ttie lengtti of ttie tubular member 1 1 1 0 is preferably limited 
to between about 12.192 to 6,096m (40 to 20,000 feet) In lengtti. 

20 The shoe 1 1 1 5 is coupled to ttie expandable mandrel 1 1 05 and ttie tubular member 

1110. The shoe 1115 includes ttie fluid passage 1 135, The shoe 1115 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal 11 
float shoe. Super Seal II Down-Jet float shoe or a guide shoe vdtti a sealing sleeve for a latch 
down plug modified in accordance with the teachings of the present disclosure. In a 

25 prefened embodiment, ttie shoe 1115 comprises an aluminum down-jet guide shoe witti 
a sealing sleeve for a latch-down plug witti side ports radiating off of tfie exit flow port 
available from Halliburton Energy Services in Dallas, TX, modified in accordance witti ttie 
teachings of Uie present disclosure, in order to optimally guide the tubular member 1 100 
to ttie overiap between ttie tubular member 1 100 and ttie casing 1012, optimally fluididy 

30 isolate ttie interior of ttie tubular member 1 100 after ttie latch down plug has seated, and 
optimally permit driUing out of the shoe 1115 after completion of ttie expansion and 
cementing operations. 

In a preferred embodiment, ttie shoe 1115 includes one or more side ouUet 
ports 1 140 in fluidic communication witti Oie fluid passage 1 135. In ttils manner, 
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vhe shoe 1115 injects hardenable fluidic sealing xnaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the ttuid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by mtroducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 ac^acent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise aiiy number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with tiie teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TK in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1 130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 Htres/minutc (0 to 3,000 gaUons/minute) 
25 and 0 to 620.528 13 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efiicient rates. 

The fluid passage llSSpermitefluidicmaterialstobe transmitted fit)m fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fluid passages 1140 permite fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
commtmication vrith the interior region of the tubular member 1110 below the 

16 



^^andable mandrel 1105. The fluid passagiss 1140 preferably have a cross- 
sectional shape that permits a plug, orotfiersiniilardevice, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1106. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned alongthe periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drillingmud or epoaries at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/miQUte (0 to 3,000 gallons/ioiinute) and 0 to 62.5281 3 bar (0 
to 9,000 psi) in order to optimaUy fiU the annular region between the tubular member 
11 10 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball scaling 
member. In this manner, the fluid passages 1 140 can be sealed ofFby introducing a plug, 
dart and/or baU sealing elements into the fluid passage 1 1 30. hi a preferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlj^pingjomt between the upper ead portion of the casmg 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commerdaUy 
available seals such as, for example, lead, rabber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 



nydrauUc seal in the ovBrlappingjoint and optimally provide load canyingcapacity 
to withstand the range of typical tensile and compressive loads. 
^ In a preferred embodiment, the seals 1145 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68. 947.57 bar (1,000 to 1,000. 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1 1 10. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1160 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the ' 
15 f^nn nlnr region above the expandable mandrel 1105 within the interior of the 
tubular member 1 1 10. In this manner, the extrusion of the tubular member 1110 
^ off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1 100 is minimized. 
This minimizes the possibitity of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluididy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
" materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1100. The packer 1155 may comprise any nurnber of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a preferred embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Energy Services in Dallas, 
5 TX. In an alternative embodiment, a high gel strength pill may be set below the tie- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are ciixiulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes v^th the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
1 5 pumped from a surface location Into the fluid passage 1 1 30. The material 1 1 60 then 
passes from the fluid passage 1 130 Into the interior region of the tubular member 
1 1 10 below the expandable mandrel 1 105. The material 1 1 60 then passes from the 
interior region of the tubular member 1 1 10 into the fluid passages 1 140. The 
material 1 1 60 then exits the apparatus 1 1 00 and fills the annular region between the 

20 exterior of the tubular member 1 1 10 and the interior wall of the tubular liner 1008. 
Continued pumping of the material 1 1 60 causes the material 1 1 60 to fill up at least 
a portion of the armular r^ion. 

The material 1 1 60 may be pumped into the annular region at pressures and 
fk>w rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1 1 77 litresAninute (0 to 1,500 gallons/min), respectively. In a preferred 
embodiment, the material 1 1 60 is pumped into the annular regton at pressures and 
flow rates specirically designed for the casing sizes being run, the annular spaces 
being filled, the pumping equipment available, and the properties of the fluid being 
pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical methods. 



The hardenable ttuidic sealing material 1 160 may comprise any number of 
conventional commercially available hardenable Ouidic sealing materials such as, 
for example, slag mw. cement or epoxy. In a preferred embodiment, the 
hardenable nuidic sealing material 1 160 comprises blended cements specifically 
5 designed for well secUon being Ued-back, available from HaUiburton Energy 
Services in Dallas. TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difTicuIties during the displacement of cement in the annular region. 
The opUmum blend of the blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be fUled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 160. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
15 withmaterial lieo.oneormoreplugs 1165.orothersimilardevices,preferablyare 
introduced into the fluid passages 1140 thereby fluidiclyisolating the interiorregion 
of the tubularmember 1 1 10 from the annular region external to the tubular member 
1110. In a prefened embodiment, a non hardenable fiuidic material 1 161 is then 
pumped into the interior region of the tubular member 1 1 10 below the mandrel 
20 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 165. or other similar devices, are introduced 
into the fluid passage 1 140 with the introducUon of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 is minimized. 
25 As illustrated in Fig. lOe. once the interior region becomes sufficiently 

pressurized, the tubular member 1 1 10 is extnided off of the expandable mandrel 
1 105. During the extmsion process, the expandable mandrel 1 105 Is raised out of 
the expanded portion of the tubular member 1 1 10. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 165 into the fluid passage 1 130 at a surface location in a 
convenUonal manner. The plugs 11 65 may comprise any number of convenUonal 
commercially available devices from plugging a fluid passage such as, for example. 



brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density mbber balls. In an 
alternative embodiment, for a shoe 1 105 having a common central inlet passage, the plugs 1 165 
5 comprise a single latch dovm dart 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1161 is preferably pumped into the interior region of the tubular member 
11 10 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13.562,355 litres/minute (40 to 
1 0 30.000 gallons/min). In a prefen-ed embodiment, after placement of the plugs 1165 in the 
fluid passages 1 1 40, the non hardenable fluidic material 1 1 6 1 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrel 1 105 at pressures and flow 
rates ranging from approximately 82737 to 586.0543 bar ( 1 200 to 8500 psi) and 1 5 1 .4 1 64 to 
4731.7648 litres/minute (40 to 1250 gallons/min) In order to optimally provide extrusion of 
15 typical tubulars. 

For typical tubular members 1 110. the extrusion of the tubular member 1 110 off of the 
expandable mandrel 1 1 05 will begin when the pressure of the interior region of the tubular member 
1110 below the mandrel 1 105 reaches, for example, approximately 82.737 to 586.0543 bar (1200 to 
8500 psi). In a preferred embodiment, the eximsion of the tubular member 1 1 10 off of the 

20 expandable mandrel 1 105 begins when the pressure of the interior region of the tubular member 
1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1110 at rales ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 

25 during the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extmsion process will he 
completed before the material 1 1 60 cures. 

30 In a prefen^d embodiment, at least a portion 1 1 80 of the tubular member 
1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 105. 
In this manner, when the mandrel 1 105 expands the section 1 180 of the tubular 
member 1 1 1 0, at least a portion of the expanded section 1 1 80 effects a seal with at 
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least the wellbore casing 1012. In a peuli'cuIarlyprefeTOd embodiment, the seal Is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casii^ 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 11 10 and the 
5 casing 1 012 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an altemative preferred embodiment, substantially all of the entire length 
10 ofthetubularmemberll lOhasanintemaldiameterlessthantheoutsidediameler 
of the mandrel 1 105. In this manner, extmsion of the tubular member 1 1 1 0 by the 
mandrel 1 105 results in contact behveen substantially all of the expanded tubular 
member 1 1 lOand the existing casing 1008. In a prefened embodiment, the contact 
pressure of the joint between the expanded tubular member 1 1 10 and the casings 
15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
20 material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extmsion of the tubular 
member 1 1 10 off of the expandable mandrel 1 105 can be minimized. Inapreferred 
embodiment, the operating pressure of tfie Huidic material 1 161 is reduced in a 
25 substantially linear fashion from 1 00% to about 10% during the end of the extmsion 
process beginning when the mandrel 1 105 has completed approximately all but 
about 1 .524m (5 feet) of the extmsion process. 

Alternatively, or in combination, a shock absort>er is provided in the support 
member 1150 in order to absort) the shock caused by the sudden release of 
30 pressure. 



Alternatively, or In combination, a mandrel catching slaicture isprovided in 
the upper end portion of the tubular member 11 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. I Of, once the extnjsion process is completed, the 
5 expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105. 
the integrity of the fluldic seal of the joint behveen the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluldic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactoiy, then the uncured portion of the material 1 160 within the expanded 
tubularmember 1 1 10 is then removed in a conventional manner. The material 1 160 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 
1 5 As illustrated in Fig. lOf, preferably any remaining cured material 1 1 60 within 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes Uie expanded tubular member 1 1 10 and an outer annular 
layer 11 75 of cured material 1 160. 

20 AsiDustratedinFig. 1 Og, the remainii^ bottom portion of tfie apparatus 1 100 
comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out tfie shoe 1 11 5 and packer 1 1 55 using conventional drilling metfiods. 

Inaparticularly preferred embodiment, the apparatus 1 100 incorporates the 
apparatus 900. 

25 Refemng now to Figs. 1 1 a-1 1 f. an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 1 1 a, a weUbore 1200 is positioned in a subterranean fomiation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In Older to extend the wellbore 1200 Into the subterranean fomiation 1205, 
a driU string 1225 is used in a wefl known manner to drill out material from the 
sublenranean formation 1205 to fomn a new section 1230. 
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As illustrated in Fig. 1 1 an apparatus 1300 for forming a wellbore casing in 
a subterranean formation is then positioned in the new section 1 230 of the wellbore 
100. The apparahis 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 131 0» a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
numl>er of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

15 The tubular member 13 10 is coupled to and supported by the expandable mandrel 

1 305. The tubular member 1 3 1 0 is preferably expanded in the radial direction and extmded 
offofthe expandable mandrel 1305. The tubular member 13 10 may be fabricatedfrom any 
number of materials such as, for example, Qiliield Country Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. . The inner and outer diameters of the tubular 
member 1310 may range, for example, from approximately 1 .905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 

25 in order to optimally provide minimal telescoping effect in the most commonly 
encountered wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 
1355, an intermediate portion 1360, and a lower portion 1365. In a preferred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 V4 inches) and 8.89 to 40.64 cms (3 % to 
16 inches), respectively. In a preferred embodiment, the wall thiclmess and outer 
diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 Inches) and 7-62 to 48.26 cms (3 to 19 inches), 
respectively. In a prefered embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the wall thickness of the 

Intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally pemnit the placement of the apparatus in areas of the wellbore ha^ang 

10 tight clearances. 

The tubular meml>er 1310 preferably comprises a solid member. In a 
prefenred embodiment, the upper end portion 1355 of the tubular member 1310 is 
sk>tted, perforated, or otherwise modified to catch or slow down the mandrel 1 305 
when it completes the extrusion of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling . For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular memiber 1310. The shoe 1315 
20 preferably includes fluid passages 1 330 and 1 335. The shoe 1315 may comprise any 
number of conventional conunercially available shoes such as, for example, Super 
Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modifled in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular meml>er 
1310 into the wetlbore 1200, optimally fluidicly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extnision and cementing operations. 

In a preferred eml>odiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the r^ion 
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outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1 330 having an inlet geometry that can receive 
a fluidic sealing memt>er. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or t>all sealing elements into the fluid passage 1 330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 

the Interior region of the tubular member 1 3 1 0 below the expandable mandrel 1 305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1 345 and the expandable mandrel 1 305. The fluid passage 1 320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1300. The fluid passage 1320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1 356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 
1 5 circulate fluids at operationally efficient rates. 

The fluid passage 1 330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This permits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1 305 to be pressurized. The fluid passage 1 330 is preferably positioned substantially 
along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 11356.2355Utres/mlnute(0to3.000gallons/minute)and0to620.52813bar(0to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the weUbore 1200 with fluidic materials. In a 
prefened embodiment, the fluid passage 1330 
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includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 pemiits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 1 1356,2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular meml>er 1310 
and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

15 surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1 355 of the tubular member 1310 to be fluidicly sealed. Theseals 
1 340 may comprise any number of conventional commercially available seats such 
as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance v\4th 

20 the teachings of the present disclosure. In a preferred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint while also creating optimal load bearing capability to 
withstand typical tensile and compressh^e loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 1,000,000 IbQ 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315» and seals 1340. The support member 1345 preferably comprises 
an annular memt>er having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

1 0 1 370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1 320. The wiper plug 1 350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-dovm piugs, Omega latch-dov^ plugs or three-wiper 
latchKlown plug modifled in accordance wdth the teachings of the present 

15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer iatch-down plug available from Halliburton Energy Services in 
Dallas, TX modifled in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located v^thin the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 and to ensure that no foreign material interferes with the extnision 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. Thematerial 1380 then exits the apparatus 1300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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^ pumping of the material 1380 cawes tiie materaJ isie'ld fftl up at least a portion 
of the annular region 1390. 

The material 1380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1.500 gallons/min), respecUvely. In a 
prefened embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rales ranging from about 0 to 344.73785 bar (0 to 5000 psi) 
and 0 to 5678.1 177 Utres/minule (0 to 1,500 gallons^r^in), respecUvely, in order to 
optimally fiU the annular region between the tubular member 1310 and the new 
10 section 1230of thewellbore 1200with the hardenablefluidic sealing material 1380. 
The haidenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluldic sealing materials such as, 
for example, slag mix, cement or epoxy. In a piefen^d embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
15 specifically for the weU section being driOed and available from HalUburton Energy 
Services In order to optimaUy provide support for the tubular member 13IOduring 
displacement of ttie material 1380 In the annular region 1390. The optimum blend 
of the cement is preferably detemiined using conventional empirical methods. 
Theannularregion 1 390 preferably is filled wittittie material 1380 in sufficient 
20 quantities to ensure tiiat, upon radial expansion of ttie tubular member 1310, ttie 
annular region 1 390 of the new section I230oftiiewellboie 1200 will be filled with 
material 1380. 

As iQustiated in Fig. I Id, once the annular region 1390 has been adequately 
fined ivith material 1380. a wiper dart 1395. or otfier similar device, Is Introduced 
25 into the fluid passage 1320. Hie wiper dart 1395 Is preferably pumped through ttie 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages ttie wiper plug 1 350. 

As fllustrated in Fig. 1 le, in a prefen^ed embodiment, engagement of ttie 
wiper dart 1395 wltti ttie wiper plug 1350 causes ttie wiper plug 1350 to decouple 
30 from ttie mandrel 1305. The wiper dart 1395 and wiper plug 1350 ttien preferably 
will lodge in ttie fluid passage 1330, tfiereby blocking fluid flow ttuough ttie fluid 
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passage 1330, and fluidicly isolatihi the interior region l370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficient^ pressurized, the tubular member 1310 is extruded off of the 
e]q>andable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1396 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example, Multq)le Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disdosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1177 Hti^es/minute (0 to 
1500 gallons/min) in order to optimally extrude the tubular member 1310 offof the 
mandrel 1305. In this mamier, the amount of hardenable fluidic material within the 
2g interior of the tubular member 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330. the non hardenable 
fluidic material 1381is pretobly punned into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
11356.2355 litres^rfnute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to pemrit adjustments to be made 
30 « operating parameters during the extnision process. 
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For typical tubular membei^ 1 3 1 0, the extiusioh of the tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 
9,000psi). In a preferred embodiment, the extruslonofthe tubular member 1310 
5 off of the expandable mandrel 1 305 is a function of the tubular member diameter, 
wall thickness of the tubular member, geometry of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, and the yield strength 
of the tubular member. The optimum flow rate and operating pressures are 
preferably determined using conventional empirical methods. 
1 0 During the extrusion process, the expandable mandrel 1 305 may be raised out of 

the expanded portion of the tubular member 1 3 10 at rates ranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1310 at rates ranging from about 0 to 0.6096m/s ( 0 to 2 ft/sec) in order to ojptimaliy 
1 5 provide an efficient process, optimallypemiitoperatoradjuslmenl of operation parameters, 
and ensure optimal completion of the extmsion process before curing of the material 1380. 

When the upper end portion 1355 of the tubularmember 1310 is extruded off of the 
expandable mandrel 1305. the outer surface of the upper end portion 1355 of the tubular 
member 1310 win preferably contact the Interior surface of the lower end portion of the 
20 casing 1215toforman fluid tight overiapping joint The contact pressure of the overiapping 
joint may range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20,000 
psi). In a prefened embodiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
25 withstand typical tensile and compressive loads. In a particulariy prefened embodiment, 
the sealing members 1340 will ensure an adequate fluidic and gaseous seal in the 
overiapping joint. 

In a prefened embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped down when the expandable 

30 mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the hibular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 1 00% 
toabout 10%during the end oftheextnision process beginning when the mandrel 1305 has 

35 completed approximately aU but about 1.524m (5 feet) of the extmsion process. 



Alternatively, or in combiivation, a shocVabsoftier is provided in the support 
meml)er 1345 in order to absorb the shocit caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1355 of the tubularmember 1310inorder to catch oral least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1 200- In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

10 overlapping joint between the upper portion 1 355 of the hibular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1 355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 is 

15 then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 1 f , preferably any remaining cured material 1 380 within 
the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

20 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

25 fomiation has been described that includes instaUing a tubular Uner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extmding the liner off of the mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of the tubular liner; 

30 and a non hardenable fluidic material into an interior region of the tubular liner 



below the mandrel The method preferably iniludes'flulflicly isolating the annular 
region from the Interior region before injecting the second quantity of the non 
haidenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
(0 to 1.500 gallons/min). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 11356.2355 litres/minute (40 to 
3,000 gallons/min). The injecting of tiie non hardenable fluidic material is 
10 preferably provided at reduced operating pressures and flow rales during an end 
portion of ttie extruding. The non hardenable fluidic material is preferably injected 
below Oie mandrel. The meUiod preferably includes pressurizing a region of tfie 
tubular liner below the mandrel. The region of the tubular liner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 
15 (500 to 9,000 psi). The meUiod preferably includes fluidicly isolating an interior 
region of the tubular liner from an exterior region of the tubular liner. The method 
furtiier preferably includes curing tiie hardenable sealing material, and removing 
at least a portion of the cured sealing material located wiUiin the tubular liner. The 
mettiod further preferably includes overiapping the tubular liner with an existing 
20 wellbore casing. The method further preferably includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The mettiod further 
preferably includes supporting tiie extruded tubular liner using tiie overiap with the 
existing wellbore casing. The mettiod further preferably includes testing the 
int^rity of the seal in the overiap between die tubular liner and tiie existing 
25 wellbore casing. The mettiod fiirtherpreferablyincludes removing at least aportion 
of the hardenable fluidic sealing material wittiln the tubular liner before curing. The 
mettiod further preferably includes lubricating the surface of the mandrel. The 
mettiod further preferably includes absorbing shock. The mettx)d further preferably 
includes catching the mandrel upon the completion of Uie extmding. 

30 



( An apparatus for creating a'ddaiilg in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member flirther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably eigpandable. The tubular member is 
preferably fabricated.firom materials selected from the group consisting of Oilfield 
Ck>imt]7 Tubular Goods, 13 chromiiun steel tubin^casing, and plastic casing. The 

15 tubular member preferably has im&er and outer diameters ranging from about 7.62 to 39.37 cms (3 to 15.5 
inches) wod 8.89 to 40:64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40.000 to 135»000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubiilar member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is driUable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second , tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubidar member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
— - tubular member is preferably provided at operating pressures ranging from about 



( 34.473 to 620.52813 bar (500 to 9,000 psi). 'Rirprw»suriziiig of tile portidn of !hc interior region of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method fhrther preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation ac^'acent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing men^ibers at an end portion of the annular member, and one or more 
pressing relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular bodyofa cured fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annu la r body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing^ the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures nmging frona about 34.473 to 620.52813 bar (500 to 9»000 psQ. The tubular linex preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes ingfj>llmg a tubular liner and a mandrel 
within the wellbore casing, iryecting a bo^y of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



( expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of gl pg Twig, cement» drilling mud, and epoicy. In a preferred embodiment, the 
method further includes fliiidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562355 
litres/mmute (40 to 3,000 gaUons/min). In a pxefeired embodiiDent, die injecting of tbe body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fliiidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressiires ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method fiulher 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for liniTig an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the inierior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34,473 to 
620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of 
5 a cured fluidic sealing material is formed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a prefenred embodiment, the tubular liner 
overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

10 and the other existing welll>ore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weUbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing memt)er. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load l>earing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may l>e employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A tubular liner, connprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter ; 

an intermediate tapered tubular portion for 
coupling the first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages . 

20 2. The liner of claim 1, wherein the tubular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel . 

25 

3. The liner of claim 1, wherein the tubular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3.5 to 19 inches) and 0,3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thickness 
and outside diameter of the second tubular portion 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 



6. The liner of claim 1, wherein the wall thiclmess 
5 and outside diameter of the tapered tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8-89 to 48.26 cms (3.5 to 19 inches), respectively. 



10 



7. The liner of claim 1, wherein the wall thickness 
and outside diameter of the first tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
15 portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

20 9. The liner of claim 1, wherein the second tubular 
portion includes one or more radial passages. 

10. A tubular liner, comprising: 

a first tubular portion having a first inside 
25 diameter; 

a second tubular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 
30 wherein the first and third inside diameters are 

both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
35 tubular members define one or more pressure relief 
passages . 
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11. The liner of claim 10, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; 
5 wherein the third t\ibular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 

10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages . 



13. . The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

25 

16. The liner of claim 10, wherein an end of the first 
tubular portion con^>rises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
to tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 
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